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abstract; a total of 302 alewives, Alosa pseudoharengus (Clupeidae), were collected from 2 locations in Lake 
Michigan and from Saginaw Bay, Lake Huron, between May 1990 and July 1992 and examined for parasites. 
Ten parasite species (2 Trematoda, 4 Cestoda, 1 Nematoda, 1 Acanthocephala, 1 Copepoda, and 1 Protozoa) 
infected alewives from Lake Michigan, with Echinorhynchus salmonis Muller, 1784, being most common. 
Diplostomum sp., Contracaecum sp., and Ergasilus luciopercarum Henderson, 1927, infrequently infected ale¬ 
wives from Saginaw Bay. Alewives from Ludington, Michigan, had the highest mean parasite species richness 
(0.7229). A summary and comparison of the parasites found in alewives from the Great Lakes are presented 
with 22 parasite species reported. This information revealed that the alewife is an important intermediate and 
transport host for helminths that mature in piscivorous fishes and birds in the Great Lakes area. 
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The alewife, Alosa pseudoharengus (Wilson), 
is an anadromous fish species of eastern North 
America (Scott and Crossman, 1973). Its origin 
in the Great Lakes has not been established with 
certainty (R. R. Miller, 1957). The alewife was 
first reported in Lake Huron in 1933 and in Lake 
Michigan in 1949, and since then it has become 
well established in many parts of these lakes. The 
importance of the alewife as a food item for 
salmonids (Jude et al., 1987; M. A. Miller and 
Holey, 1992) and piscivorous birds (Ludwig, 
1966; Fox et al., 1990) in the Great Lakes is well 
known. 

The objectives of the present study were (a) to 
provide information on the occurrence and 
abundance of parasites in alewives from 2 lo¬ 
cations in Lake Michigan and from the western 
portion of Saginaw Bay, Lake Huron; (b) to sum¬ 
marize and compare the known information 
about parasites infecting this important forage 
species in the Great Lakes; and (c) to examine 
the role of alewives as intermediate and transport 
hosts for parasites that mature in piscivorous 
fishes and birds in the Great Lakes area. 

Materials and Methods 

Alewives were collected by beach seine and trawl 
from 2 locations in Lake Michigan and from the west¬ 
ern portion of Saginaw Bay, Lake Huron. Fish data are 
given below with information on location; month and 
year of collection; number offish examined; total length, 
with range in millimeters (followed by mean ± SD); 
and 95% confidence intervals. 

1. Southern Lake Michigan, Michigan City, Indiana; 

August 1991; « = 75; 101-212(151 ±29.1); 144.1- 

157.5. 


2. Eastern Lake Michigan, Ludington, Michigan; May- 
August 1990, April-June 1991; n = 166; 102-239 
(160 ± 28.6); 155.8-164.6. 

3. Western portion of Saginaw Bay, Lake Huron, 
Michigan; May-July 1992; « = 61; 62-203 (141 ± 
35.1); 132.1-150.1. 

Ludington, Michigan, is approximately 247 km north 
of Michigan City, Indiana. Alewives were frozen in the 
field and measured and sexed at necropsy. The skin, 
fins, gills, eyes, kidney, gonads, spleen, liver, gall blad¬ 
der, mesenteries, esophagus, gastrointestinal tract, heart, 
and the left or right side of the musculature were ex¬ 
amined. Parasites were collected and processed using 
routine procedures. Prevalence is the percentage of fish 
infected, and mean intensity is the mean number of 
worms of a species per infected fish. Voucher speci¬ 
mens have been deposited in the U.S. National Parasite 
Collection, Beltsville, Maryland 20705: Diplostomum 
sp. (83226), Tetracotyle sp. (83227), Cyathocephalus 
truncatus (83228), Diphyllobothrium sp. (83229), Eu- 
bothriumsalvelini (83230), Proteocephalus sp. (83231), 
Haplonema hamulatum (83233), and Echinorhynchus 
salmonis (83232). Specimens of Ergasilus lucioperca¬ 
rum are in the collection of L. Roberts. Specimens of 
other helminth species were not retained by the author 
and therefore were not deposited. 

Information on the parasites of alewives was ob¬ 
tained from examining published studies performed in 
the Great Lakes. Species richness refers to the number 
of parasite species infecting alewives from each Great 
Lake. The Jaccard coefficient of community similarity 
was calculated as 

CQ = C/(5, ± ^2 - Q, 

where S', and Si are the number of parasite species in 
communities 1 and 2, respectively, and Cis the number 
of species common to both communities (Brower and 
Zlar, 1984). For calculations of the Jaccard coefficient 
of community similarity and species richness, Diplo¬ 
stomum (present study) and Diplostomulum in other 
studies were considered to be a single genus. 
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Results 

Thirty (40%) alewives from Michigan City, In¬ 
diana, 91 (55%) from Ludington, Michigan, and 
7(11 %) from Saginaw Bay, Michigan, were in¬ 
fected with 1 or more parasites. A total of 10 
parasite species (4 from Michigan City and 9 
from Ludington) infected alewives from both lo¬ 
cations in Lake Michigan (Table 1). Echinorhyn- 
chus salmonis had the highest prevalence and 
mean intensity at each location. Correlation co¬ 
efficients between E. salmonis intensity and length 
of infected alewife from Michigan City and Lu¬ 
dington were 0.172 {P > 0.05) and 0.592 {P < 
0.01), respectively. Of the helminth species found, 
only Cyathocephalus truncatus (Pallus, 1781) and 
E. salmonis were gravid. Diplostomum sp. was 
more common in alewives from Michigan City 
than from Ludington, whereas cestodes were 
more common in alewives from Ludington than 
from Michigan City. Three parasite species (Dip- 
lostomum sp., Contracaecum sp., and Ergasilus 
luciopercamm) infrequently infected alewives 
from Saginaw Bay. There were no significant dif¬ 
ferences in prevalence (chi-square analysis, P > 
0.05) and intensity (Student’s f-test, P > 0.05) 
of parasitism between female and male alewives 
at each location. The alewife is a new host record 
for Haplonema hamulatum Moulton, 1931, and 
E. luciopercamm. 

Jaccard’s coefficients of similarity for the par¬ 
asite faunas of alewives between locations are 
0.30 for Michigan City-Ludington, 0.40 for 
Michigan City-Saginaw Bay, and 0.09 for Lu- 
dington-Saginaw Bay. When the data for unin¬ 
fected and infected fish were combined, mean 
parasite species richness ± SD, range, and 95% 
confidence intervals in alewives from Michigan 
City (0.5333 ± 0.6830, 0-2, 0.3670-0.6997), 
from Ludington (0.7229 ± 0.7991,0-4, 0.6016- 
0.8441), and from Saginaw Bay (0.1148 ± 0.3214, 
0-1, 0.0324-0.1971) were significantly different 
(analysis of variance, F= 16.7,P < 0.001). How¬ 
ever, when data from infected fish only were used 
in the analyses, mean parasite species richness 
± SD, range, and 95% confidence intervals in 
alewives from Michigan City (1.3333 ± 0.4795, 
1-2, 1.1543-1.5124), from Ludington (1.3187 ± 
0.5940, 1-4, 1.1949-1.4424) and from Saginaw 
Bay (x = 1, range = 1) were not significantly 
different (analysis of variance, E = 1.13, P > 
0.05). 

Discussion 

Echinorhynchus salmonis was the most com¬ 
mon parasite species found in alewives from Lake 


Michigan in the present study. Alewives in this 
lake feed on the amphipod, Pontoporeia affinis, 
which serves as an intermediate host for this par¬ 
asite (Amin, 1978). Morsell and Norden (1968) 
reported that as alewives in western Lake Mich¬ 
igan increased in length a greater proportion of 
P. affinis was found in their diet. This could ex¬ 
plain the significant relationship between E. sal¬ 
monis intensity and length of infected alewives 
from Ludington, Michigan. Webb and Mc- 
Comish (1974) found that the largest percentage 
of volume and percent frequency of occurrence 
of P. affinis in alewives from southern Lake 
Michigan occurred in August 1972; however, it 
was of negligible importance in their diet in 1971. 
Rhodes and McComish (1975) reported that ale¬ 
wives consumed the largest volume of P. affinis 
in October in southern Lake Michigan. 

Amin and Burrows (1977) found E. salmonis 
infecting alewives in western Lake Michigan. A 
mean intensity of 1.9 E. salmonis per infected 
fish was calculated using their data in Table 1. 
This value and prevalence are low compared to 
the infection values of E. salmonis in the present 
study. Fish length and time of collection do not 
appear to play major roles in these infection dif¬ 
ferences, because examined fish had similar 
lengths and were collected during similar months. 
Possible explanations for these infection differ¬ 
ences may involve the availability of the am¬ 
phipod intermediate host and its importance in 
the diet of alewives from 1 year to the next or 
E. salmonis may be more common in 1 location 
than in another. 

Muzzall (1989) hypothesized that the alewife 
serves as an important transport host for E. sal¬ 
monis to salmonids in eastern Lake Michigan. 
Hnath (1969) experimentally demonstrated the 
transfer of E. salmonis between coho salmon, 
Oncorhynchus kisutch, and brook trout, Salveli- 
nus fontinalis, from Lake Michigan. Jude et al. 
(1987) reported that the alewife made up 78% of 
the identifiable prey species eaten by salmonids 
in Lake Michigan. The high infection values of 
E. salmonis in alewives in the present study sup¬ 
ports this suggestion that alewives serve as im¬ 
portant transport hosts for E. salmonis to salmo¬ 
nids. Seng (1975) estimated that approximately 
one-eighth of E. salmonis flows through trans¬ 
port hosts in the ecosystem of Cold Lake, Al¬ 
berta. Furthermore, it is known that as salmonids 
become older (larger) they ingest a larger pro¬ 
portion of alewives (Muzzall, 1989). Amin and 
Burrows (1977) suggested that other species of 
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* Unless otherwise indicated, parasites were gravid, 
t Number of fish examined. 
t Metacercariae or larvae. 

§ Immature parasites. 
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Table 1. Prevalence (P), mean intensity (MI), and maximum number of parasites (max.) found in Alosa pseudoharengus from Lake Michigan (Michigan City, Indiana, 
and Ludington, Michigan) and Saginaw Bay, Lake Huron, 1990-1992.* 
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Table 2. Parasites reported from Alosa pseudoharengus in the Great Lakes. 


Parasite 

Lake 
Michigan 
(« = 241)* 

Lake 
Sup)erior 
(«= 12) 

Lake 

Huron 
(« = 297) 

Lake Erie 
(« = 14) 

Lake 
Ontario 
(« = 61) 

Monogenea 

Octomacrum sp. 

- 

- 

- 

10 

- 

Digenea 

Diplostomum flexicaudum 

- 

- 

7 

- 

- 

Diplostomum spathaceum 

— 

5 

6, 8 

— 

12 

Diplostomum sp. 

1, 2 

- 

9 

10 

- 

Posthodiplostomum minimum 

— 

— 

— 

— 

12 

Tetracotyle intermedia 

- 

- 

6 

— 

- 

Tetracotyle sp. 

2 

— 

8 

— 

- 

Metacercariae 

- 

- 

- 

10 

- 

Cestoda 

Cyathocephalus truncatus 

2 

- 

- 

- 

- 

Diphyllobothrium sp. 

2 

- 

- 

- 

- 

Eubothrium salvelini 

2 

— 

— 

— 

— 

Proteocephalus sp. 

1, 2 

- 

- 

- 

- 

Nematoda 

Camallanus oxycephalus 

— 

— 

— 

11 

— 

Capillaria sp. 

- 

- 

- 

10 

- 

Contracaecum sp. 

— 

— 

9 

— 

— 

Haplonema hamulatum 

2 

- 

- 

- 

- 

Acanthocephala 

Acanthocephalus dims 

3 

5 

6, 7, 8 

- 

12 

Echinorhynchus salmonis 

1, 2, 4 

- 

6, 7 

- 

- 

Cop)epoda 

Ergasilus luciopercarum 

1 

- 

9 

- 

- 

Fungi 

Saprolegnia sp. 

- 

5 

6, 7, 8 

- 

12 

Protozoa 

Trichodina sp. 

2 

- 

- 

- 

- 

Acarina 

Hydrachna sp. 

- 

- 

6 

- 

- 


* Total number of fish examined. Entries are abbreviations for published investigations on the parasites of alewives from the 
Great Lakes. 1 = present study, Michigan City, Indiana; 2 = present study, Ludington, Michigan; 3 = Amin (1977); 4 = Amin 
and Burrows (1977); 5 = Dechtiarand Lawrie (1988); 6 = Collins and Dechtiar (1974); 7 = Dechtiarand Berst(1978); 8 = Dechtiar 
etal. (1988); 9 = present study, Saginaw Bay, Michigan; 10 = Bangham (1972); 11 = Strombergand Crites(1975); 12 = Dechtiar 
and Christie (1988). 


forage fish in Lake Michigan serve as transport 
hosts for E. salmonis. 

This is the first published study to summarize 
the parasites of a fish species in the Great Lakes 
with a total of 22 parasite species being reported 
from the alewife (Table 2). Taxonomically, larval 
digenean species are most common followed by 
cestode and nematode species. No parasite spe¬ 
cies has been reported from alewives in all the 
Great Lakes. Diplostomum is the only genus 
found in alewives from all the Great Lakes. Ces- 
todes were reported from alewives only from Lake 


Michigan. Acanthocephalus dims has been found 
in alewives from 4 Great Lakes. Although E. 
salmonis infect fishes from Lake Huron, it was 
not found in alewives from Saginaw Bay. None 
of the parasite species infecting alewives in the 
Great Lakes is specific to this fish species. 

Mean parasite species richness was signifi¬ 
cantly higher in alewives from Ludington than 
from the other locations because more parasite 
species were found and the high prevalence of 
E. salmonis. Parasite species richness (in paren¬ 
theses) in alewives from each lake are Lake Mich- 
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Table 3. Jaccard’s index of community similarity based 
on presence of parasite species reported from Alosa 
pseudoharengus in each lake.* 


La kef 

1 

2 

3 

4 

5 

1 

1.0 

0.08 

0.29 

0.07 

0.07 

2 


1.0 

0.27 

0.00 

0.75 

3 



1.0 

0.07 

0.15 

4 




1.0 

0.00 

5 





1.0 


* See Table 2 for the parasite species used in these calcula¬ 
tions and specific investigations. 

t 1 = Lake Michigan, 2 = Lake Superior, 3 = Lake Huron, 
4 = Lake Erie, 5 = Lake Ontario. 

igan (11), Lake Superior (3), Lake Huron (11), 
Lake Erie (5), and Lake Ontario (4). Species rich¬ 
ness is highest in Lake Michigan and Lake Hu¬ 
ron, where the largest numbers of alewives were 
examined. Jaccard’s coefficients of similarity for 
the parasite faunas in alewives between the Great 
Lakes do not follow a specific pattern (Table 3). 
Alewives from Lake Erie had the lowest coeffi¬ 
cients (<0.07), indicating that they shared the 
fewest parasite species with alewives from the 
other Great Lakes. Alewives from Lake Superior 
and Lake Ontario had the highest coefficient 
(0.75), indicating that they shared the most par¬ 
asite species of those species found in alewives 
from each lake. 

Several hypotheses have been proposed and 
discussed by Wisniewski (1958), Chubb (1963, 
1964, 1970), Esch (1971), Halvorsen (1971), 
Kennedy (1978), Holmes and Price (1986), and 
Marcogliese and Cone (1991) to explain the pat¬ 
terns of distribution and abundance of metazoan 
parasites in freshwater fishes. The present study 
is the first to investigate the distribution of par¬ 
asites in 1 fish species in the Great Lakes. None 
of these hypotheses, however, explains the dis¬ 
tribution and number of helminth species in ale¬ 
wives from the Great Lakes. An explanation is 
confounded by the small number of alewives ex¬ 
amined from Lake Superior and Lake Erie. It is 
believed more parasite species will be found when 
more alewives are examined from these 2 lakes. 

Eight (7 larval digenean species and Diphyl- 
lobothrium sp.) of the 18 helminth species re¬ 
ported from alewives in the Great Lakes (Table 
2) are allogenic, maturing in piscivorous birds. 
Both Ludwig (1966) and Fox et al. (1990) have 
reported that the alewife and rainbow smelt, Os- 
merus mordax, accounted for at least 80% of the 
fish eaten by herring gulls, Lams argentatus, in 


the Great Lakes. Eubothrium salvelini (Schrank, 
1790), Proteocephalus sp., Capillaria sp., Con- 
tracaecum sp., and Haplonema hamulatum, list¬ 
ed in Table 2, mature in other fish species and 
not in the alewife. It is believed that alewives 
serve as transport hosts for these helminth spe¬ 
cies and E. salmonis. Therefore, it is hypothe¬ 
sized that the dominance of allogenic helminth 
species in alewives and the occurrence of hel¬ 
minths in alewives that mature in other fish spe¬ 
cies is attributable to the position of alewives in 
the food web as planktivores and macroinver- 
tivores that are prey species for piscivorous fishes 
and birds in the Great Lakes area. 
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